This study investigated the antimicrobial activity of Enterococcus faecium FAIR-E 198 against Bacillus cereus, Listeria monocytogenes and Staphylococcus aureus. Using the critical-dilution method, the bacteriocin produced by E. faecium FAIR-E 198 inhibited all L. monocytogenes strains evaluated (1,600 to 19,200 AU mL -1 ). However, none of the B. cereus and S. aureus strains investigated were inhibited. The maximum activity of this bacteriocin (800 AU mL -1 ) was observed in MRS broth, while the activity in milk was 100 AU mL -1 . In the co-cultivation test in milk, B. cereus K1-B041 was reduced to below the detection limit (1.00 log CFU mL -1 ) after 48 h. E. faecium reduced the initial L. monocytogenes Scott A population by 1 log CFU mL -1 after 3 h at 35ºC. However, the pathogen regained growth, reaching 3.68 log CFU mL -1 after 48 h. E. faecium did not influence the growth of S. aureus ATCC 27154 during the 48 h of co-cultivation. Therefore, it can be concluded that the effectiveness of the antimicrobial activity of E.
INTRODUCTION
The potential risk posed by the presence of pathogens in dairy products is a constant concern in the field of food safety for both the food processing industry and government authorities. A number of foodborne disease outbreaks have been associated with these products (19) . Although most of these outbreaks were closely related with the consumption of dairy products made from raw milk (5, 7), post-processing contamination must be taken into account as an important risk factor in the manufacture of such products.
Reduction of pH due to the production of organic acids, particularly lactic acid, by fermentation of naturally occurring carbohydrates in foods is responsible for the main antagonistic effect against a series of different microorganisms. However, nutrient competition and the formation of other compounds with inhibitory activity (hydrogen peroxide, diacetyl and bacteriocin) are important antimicrobial functions of lactic-acid bacteria (17) . Bacteriocins are peptides or proteins with antimicrobial activity that are synthesized by the ribosomes of lactic-acid bacteria.
Numerous reports describing bacteriocin activity in
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Antimicrobial activity of E. faecium Enterococcus species have been published in recent years.
Most of the bacteriocin producer strains have been isolated from dairy products (10, 23) . Some of these species, particularly Enterococcus faecium, provide probiotic and technological benefits, including the ability to grow at refrigeration temperatures over a wide pH range and in the presence of up to 6.5% NaCl (4, 20) , in addition to improving cheese flavor. However, there is controversy in literature regarding its pathogenic potential. Giraffa et al. (14) state that, like other lactic-acid bacteria, enterococci species may occasionally be involved in clinical infections, but that in spite of this, many strains are considered safe for use in foods. An example of such a strain is E. faecium K770, which was approved in 1996 in the United Kingdom for use in cultured dairy products (13) .
E. faecium FAIR-E 198, a strain isolated from Greek Feta cheese, is a bacteriocin producer (26) and was found to be a poor acidifier in milk (25) . In general, enterocins have selective antimicrobial activity against the genus Listeria and are not effective against lactic acid bacteria (16, 20) . However, some authors observed activity of enterocins against other Grampositive pathogens like Bacillus cereus (9) and Staphylococcus aureus (2) . This suggests that bacteriocinogenic entrococci strains or their enterocins may be used to enhance the microbiological safety of fermented dairy products.
The aim of this study was to verify the viability of using E. faecium FAIR-E 198 as an adjunct culture in dairy products to control gram-positive pathogens. To this end, the growth and production of the bacteriocin by E. faecium FAIR-E 198 in MRS broth and milk was evaluated and the spectrum of antimicrobial activity was determined. In addition, the behavior of Bacillus cereus, Listeria monocytogenes and Staphylococcus aureus during co-cultivation with this bacteriocins-producing bacterium in milk were analyzed.
MATERIALS AND METHODS
Bacterial strains and media
Bacterioci-producing 
Pathogenicity tests
Gelatinase production was determined in nutrient gelatin agar (Difco) after incubation at 37ºC for up to seven days. A 
Determination of antimicrobial spectrum
The sensitivity of 25 B. cereus strains, ten L.
monocytogenes strains and five S. aureus strains to the bacteriocin produced by E. faecium FAIR-E 198 were evaluated using an adapted critical-dilution method (18) .
Culture plates were prepared with TSB soft agar (0.9% agar)
and TSB-YE soft agar previously inoculated with 1% (0. 
Microbial counts were determined by plating onto KF
Streptococcus agar (Difco) and incubated at 37 ºC for 48 h.
The pH was determined by a pH-meter (Hanna Instruments HI 9110, Singapore). Bacteriocin production was determined by the critical-dilution method using L. monocytogenes Scott A as an indicator microorganism.
Co-cultivation of gram-positive pathogens and FAIR-E 198 in milk
The bacteriocin-producing culture (10 6 -10 7 CFU mL -1 ) was cultivated separately with B. cereus K1-B041, L. h. The identity of the colonies recovered in the selective media was confirmed using biochemical tests (12) . Immediately upon collection, the pH of each sample was measured by a pH meter.
The bacteriocin activity against the three pathogens investigated was determined by the critical-dilution method.
Statistical analysis
Analysis of variance (ANOVA) and the Tukey test at the 5% level of significance were used to compare means among and within experimental groups.
RESULTS AND DISCUSSION
Pathogenicity potential
Before being used in food technology, all enterococci strains must have their pathogenicity factors carefully analyzed. The results of the pathogenicity tests performed
showed that E. faecium FAIR-E 198 was negative for gelatinase and thermonuclease activities. In previous studies, this strain was non-hemolytic when tested on sheep or human blood, and exhibited no resistance to vancomycin and teicoplanin (26, 28) . All the above characteristics are indicative of the absence of pathogenicity. However, more tests are necessary to confirm this, such as the identification of virulence genes. 
Spectrum of activity
Bacteriocin production in MRS broth and milk
The production of bacteriocins by E. faecium FAIR-E 198
was influenced by the culture medium. In MRS broth, this strain reached a maximum population level of 7.90 log CFU mL -1 after 12 h, remained stable up to 24 h of incubation, but decreased by 1 log CFU mL -1 after 48 h. Acidification of the MRS broth began after 6 h, resulting in a pH of 3.72 after 48 h.
The bacteriocin activity, measured using L. monocytogenes Scott A as an indicator microorganism, was first detected after 9 h of incubation (100 AU mL -1 ), during the log-phase, and reached a maximum of 800 AU mL -1 after 24 h, during the stationary phase (Fig. 1A) . However, several authors have reported maximum enterocin activity during or at the end of the exponential growth phase (1, 26) . The pronounced decrease in bacteriocin activity (87.5%) observed after 24 h may be related to protein aggregation, proteolytic inactivation or adsorption of the bacteriocin onto the producer cell surface (8) .
In milk, E. faecium FAIR-E 198 reached a count of 8.10 log CFU mL -1 after 24 h, followed by a drop of 0.90 log CFU mL -1 after 48 h. During bacterial growth, the pH of the milk decreased from 6.45 to 5.08. Bacteriocin activity was observed only after 6 h (100 AU mL -1 ) and was no longer detected up until the end of the incubation period (Fig. 1B) . monocytogenes Scott A ( ) and pH ( ).
Co-cultivation with Gram-positive pathogens
The initial counts (2 log CFU mL -1 ) of the pathogens used in these tests were based on the contamination level normally found in dairy products. B. cereus K1-B041 in the control sample reached a count of 8.37 log CFU mL -1 after a 48-h incubation ( Fig. 2A) . During the first 24 h of co-cultivation with the bacteriocinogenic culture, no significant reduction (<0.70 log CFU mL -1 ) was observed in the B. cereus population. However, after 48 h, this pathogen population was reduced to below the detection limit (<1.00 log CFU mL -1 ).
The bacteriocinogenic culture reached viable cell counts of A similar phenomenon has previously been commented upon by Muriana (22) with respect to other bacteriocinogenic cultures.
In relation to S. aureus ATCC 27154, the control sample initially inoculated with 2.79 log CFU mL -1 exhibited a population of 8.80 log CFU mL -1 after 24 h (Fig. 2C ). This was followed by a decline phase, and after 48 h of incubation, the S. Nascimento, M.S. et al.
CONCLUSION
The effectiveness of the antimicrobial activity of E.
faecium FAIR-E 198 is strictly related to the species and strain of the target microorganism and to the culture medium. This lactic-acid bacterium shows interesting characteristics for use as an additional safety provision within the context of hurdle technologies to interact with other barriers for the control of foodborne Gram-positive pathogens in dairy products.
However, to this end, more studies on virulence factors and antibiotic resistance are necessary.
